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Previous calculations of the thermal evolution of a cometary surface have 
taken the thermal properties of the ice to be a constant, and then solved for 
the sublimation rate of ice into vacuum. In fact, however, a porous ice 
surface will have a variable thermal conductivity for several reasons: 1) 
Migration of pore spaces may result in an annealling of the ice and an 
infilling of the pores. 2) The preferential movement of water vapor across 
pores wi 11 transport energy, resulting in a previously-unconsidered 
contribution to the thermal conductivity within the ice. 3) The sintering 
together of ice grains together will change the pore size and increase the 
solid contribution to the thermal conductivity. The first two processes are 
discussed in this abstract. 

The migration of pores will occur in response to a superposed thermal 
gradient, where one side of a pore will be at a different temperature than the 
other; sublimation will then occur preferentially from one side of the pore, 
and condensation preferentially onto the other side. This process is well- 
documented on Earth ice deposits. There are two potentially-important results 
of the migration of ice. First, the pores will tend to migrate toward the 
comet surface as vapor effectively moves downward into the ice. If the vapor 
accommodation coefficient were significantly less than its value of near 
unity, the effect would be not just migration of pores upward, but a real 
diffusion of vapor a significant distance into the comet, with consequent 
f i 11 ing of pores beneath the surface. Second, the vapor wi 11 carry energy 
with it in the form of latent heat, adding a previously-unconsidered mechanism 
of transporting heat within the subsurface. 

Figure 1 shows results of simple calculations of these processes. The 
rate of sublimation from the surface is much larger than the differential rate 
across the pores, so that the migration velocity of pores upward is much less 
than that of the free surface downward. The effective thermal conductivity, 
however, can be increased by up to two orders of magnitude beyond that due to 
radiative, solid, or the standard gaseous conduction terms in a fine-grained 
particulate medium, and to within an order of magnitude of the conductivity 
through a porous rock. The conductivity increases the most when the 
temperatures are highest and the thermal gradients are largest; effectively, 
this means near perihelion and near midday. 

Detailed thermal models of comets approaching near to the sun, such as 
Hal ley's comet, should properly account for this differential sub1 imation 
contribution to the thermal conductivity in order to accurately predict the 
net sublimation rate from the surface. 
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Figure 1: Results of a simple model of differential sublimation across ice 
pores. The number of molecules crossing the pores and the energy that they 
carry are shown in the first two panels as a function of the temperature and 
the temperature contrast across the pores; the effective thermal conductivity 
across the pore i s  shown in the other panels for two different pore sizes. 
Temperatures and gradients near perihelion for Halley's comet may be as high 
as 210 K and 5 K/cm, respectively, based on the models by Weissman and 
Kieffer. 
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